SUMMARY The actions of hydrochloric acid, natural PGEI, PGE2 and a synthetic commercial PGE1 preparation, Enisoprost (Searle) on pepsinogen synthesis and secretion were studied in canine chief cell monolayer cultures. Hydrochloric acid, applied directly to the apical surface of chief cells using culture plate inserts (Millipore) had no effect on secretion, nor did it affect the action of any secretagogue in the basolateral medium. All prostaglandins tested showed significant stimulation of pepsinogen secretion. Basal secretion of pepsinogen after 90 min was 9.4 (1.3)% to total initial monolayer content. At 10`6 M, PGE1 stimulated secretion was 2641 (3.8)%; PGE2 27.9 (4)% and Enisoprost 28.8 (4.2)% of initial pepsinogen content. Stimulations by all tested prostaglandins were additive with carbachol (10-4 M) and CCK (10-9 M), but not with VIP (10-6 M), dbcAMP (10-3M) or forskolin (10`M) responses. All three prostaglandins stimulated pepsinogen synthesis as measured by 14C labelled amino acid incorporation into pepsinogen. Time course experiments were similar to those for forskolin and showed shorter time delays between stimulus and increased synthesis rate than carbachol but longer than dbcAMP. Stimulated pepsinogen secretion was inhibited by high pepsin concentrations (>800 Fg/ml) in the medium. The inhibition abolished simultaneous carbachol induced stimulation of synthesis but prostaglandin or forskolin stimulation only after two hours. Combined with the shorter response time, as compared with carbachol, these data support our previous findings that potent stimulators of cAMP production can stimulate pepsinogen synthesis directly by stimulation of mRNA synthesis, independently from an increased secretion. The additivity of effects with carbachol or CCK and similarity with forskolin stimulated synthesis supports the suggestion that the actions of prostaglandins are mediated by cAMP. (Millipore). This enabled the assessment of the effect of acid and pepsin on the apical membranes of the chief cell directly.
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We have previously studied modulation of pepsinogen synthesis as a response to increased secretion in monolayer cultures of canine chief cells.' Our results showed that pepsinogen synthesis can be stimulated by an increased secretion but that synthesis response is faster when secretion is stimulated by potent stimulators of cAMP synthesis, such as forskolin, than by secretagogues that act presumably through cellular calcium.' It was hypothesized that these agents, through raising cAMP cell content, are capable of a more direct stimulation of pepsinogen synthesis by activation of DNA transcription or cAMP dependent protein kinase, resulting in increased mRNA production. Agents using cellular calcium as mediator seem to stimulate synthesis indirectly through a feed back mechanism triggered by an increased secretion.
Because this increase in cAMP is concomitant with an increased secretion, however, it is difficult to differentiate between the two processes.
In this study we have therefore investigated the possibility of uncoupling secretion and synthesis by establishing a selective feed back inhibition on secretion by high concentrations of pepsin in the culture medium. We have further investigated the effects of hydrochloric acid and prostaglandins on pepsinogen synthesis and secretion. These studies necessitate separation of basolateral and luminal solutions of the chief cell cultures, and this was achieved by culture of cells on culture plate inserts (Millipore). This enabled the assessment of the effect of acid and pepsin on the apical membranes of the chief cell directly.
The so called cytoprotective property of prostaglandins, produced by the gastric mucosa,' seems to be partly caused by an inhibition of basal and stimulated acid secretion. This inhibition has been observed in a number of in vivo78 and in vitro studies. 9 The prostaglandins seem to block the stimulatory action of histamine of cAMP synthesis, thereby removing the major pathway for the excitation of parietal cells by histamine or other secretagogues such as gastrin.' The reduced acid secretion could supposedly influence pepsinogen secretion. In contrast," prostaglandins have been found to stimulate cAMP synthesis in a non-parietal cell population of the gastric mucosa.
In vivo studies concerning the effects of prostaglandins on pepsin secretion have reported a decrease in gastric secretion volume, usually with constant remaining pepsin concentration," 12 indicating a reduction in total pepsin output. Recently, however, an in vitro study, using isolated gastric glands from guinea pig stomach reported an increase of pepsinogen secretion by prostaglandins.'3 Moreover, this study indicated that the actions of the prostaglandins were mediated by cAMP, as the authors found potentiation of actions only between prostaglandin and those secretagogues whose actions are believed to be mediated by changes in cellular calcium.
The results from our study indicate that prostaglandin induced changes in acid output are not responsible for changes in pepsin output. (identified by the specific pepsinogen activity staining after electrophoresis) out (Fig. 2) . Figure 3 shows that all three compounds elicited time dependent increases in pepsinogen secretion. In combinations with other secretagogues, we found only additivity between prostaglandins and CCK8 (10`M) or carbachol (10-4 M) -that is, secretagogues acting through cellular calcium (Table 1) . We and others'273 have previously reported that histamine has no effect on pepsinogen secretion in vitro, although some have reported stimulation by the histamine analogue betazole hydrochloride in combination with a phosphodiesterase inhibitor such as aminophylline. 24 We investigated in this study whether prostaglandins can modify the action of histamine on pepsinogen secretion. Histamine alone caused a slight increase in secretion only at the highest dose tested (10-4 M), but did not significantly alter prostaglandin stimulated pepsinogen secretion (Table 2 ).
PEPSINOGEN SYNFHESIS
In Figure 4 pepsinogen synthesis is shown in time during stimulation of secretion with different secretagogues. As we have previously reported,'-' dbcAMP (10`M) shows the fastest increase in synthesis, already eight-fold higher than basal at 30 minutes, while carbachol induces a similar increase in synthesis but with a delay in response of about 60 min (Fig. 4b) . Forskolin, which is a potent stimulator of dbcAMP production, shows an intermediate response delay (approximately four-fold at 30 minutes). The time course for prostaglandin stimulated synthesis proceeded similar to that of forskolin (Fig. 4a) .
We have earlier reported that inhibition of carbachol stimulated secretion by atropine also resulted in a decrease in synthesis.' Atropine did not inhibit basal or dbcAMP stimulated secretion and synthesis. To further clarify the nature of this negative feed back mechanism, we have investigated the effect of pepsin (porcine; Boehringer) itself in the medium, thus mimicking the in vivo situation. As the culture medium has a pH>7, the added pepsin will be inactive. To measure pepsinogen secretion from the cells, medium aliquots were brought to pH 9 for 10 min to irreversibly denature the added pepsin. Pepsinogen secretion was measured after 90 minutes incubation and expressed as % of initial pepsinogen content. Pepsinogen synthesis was determined after 4 h of culture with`4C labelled medium in the well only and is expressed CPM/mg total protein. Secretagogues were also added to the well, while HCI was added to the insert (final concentration 0-15 N). Data shown were obtained from four experiments (mean (SD)), using four different cell preparations.
monolayers. Moreover, we found no effect of hydrochloric acid on pepsinogen secretion stimulated by carbachol, prostaglandins or forskolin in the well medium (Table 3 ). The increased secretion was again concomitant with an increase in synthesis (Table 3) . The results with extracellular pepsin, where an inhibition of stimulated secretion was found, may provide one possible explanation for the observed reduction of total pepsin output in vivo by prostaglandins. The reduction in gastric juice output would result in an increased pepsin concentration. Above a certain threshold concentration (in this study 0-8 mg/ ml), this will subsequently lead to a reduction of prostaglandin stimulated pepsinogen secretion, resulting in a constant remaining pepsin concentration in the gastric juice itself. Our finding that changes in pH do not directly affect pepsinogen secretion makes it highly unlikely that a prostaglandin induced increase of the pH in the gastric gland lumen itself is responsible for the decrease in pepsin release. The diminished acid flow could however prevent a 'washing out' of secreted pepsin into the stomach.
Prostaglandin stimulated pepsinogen secretion was followed by an increase in pepsinogen synthesis. The time course was similar to that of forskolin stimulated synthesis, with a shorter delay in response as compared with carbachol. As in previous studies,'-3 dbcAMP stimulated synthesis almost directly, with an increase in synthesis rate already eight-fold higher than basal after 30 minutes. We have earlier proposed3 that the differences in response times could result from a direct stimulation of pepsinogen synthesis by agents acting through cAMP as second messenger. Agents, using cellular calcium as mediator were postulated to stimulate pepsinogen synthesis indirectly through a feed back mechanism triggered by increased secretion and emptying of granules. The data of this study support this hypothesis. While extracellular pepsin completely inhibited carbachol stimulated synthesis and secretion, inhibition of synthesis, stimulated by potent stimulators of cAMP synthesis such as forskolin, only became apparent after two hours. This initial increase in pepsinogen synthesis, during simultaneous inhibition of secretion strongly supports a stimulation of synthesis, independently from increased secretion by an increase in cAMP content. Our finding that prostaglandins have a similar effect on pepsinogen synthesis as forskolinthat is, initial stimulation of pepsinogen synthesis while secretion is inhibited by pepsin, supports a mediation of their actions by cAMP.
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